ABSTRACT. The foremost factor necessary for plant growers cultivating large acreages of Stevia rebaudiana (Bert) Bertoni is the production of qualitative bedding plants. The objective of this study was to evaluate the influence of osmotic-priming on the uniformity of seed germination. First, we evaluated the percentage of normal seedlings from two seed samples harvested in 2011 and 2012. The seeds harvested in 2012 produced 71.4% normal seedlings and thus they were used in the next experiments. The seeds were subjected to osmotic stress using five concentrations of polyethylene glycol (PEG-6000) at -0.2, -0.4, -0.6, -0.8, and -1.0 MPa in contrast with distilled water. Based on these first results, only -0.8 and -1.0 MPa were evaluated in the third experiment. The seeds were immersed in both concentrations of polyethylene glycol (PEG-6000) for imbibing at 20ºC for four, five, six, and seven days. Thereafter, we evaluated the time to the first normal seedling (Ti), time to the last normal seedling (Tf), percentage normal seedlings at the initial time (Pi) and percentage of normal seedlings at the end of every treatment (Pf). Osmotic priming increased the percentage of normal seedlings of the Stevia rebaudiana and reduced the time to the first and last germination events.
Introduction
Stevia rebaudiana (Bert) Bertoni is a short-day plant that produces many foliar steviol glycosides sweeter than sucrose (Yadav, Singh, Dhyani, & Ahuja, 2011; Brandle, Starratt, & Gijzen, 1998; Carneiro, 1990) . These non-caloric glycosides have been recommended for diabetic, overweight and obese patients requiring natural alternatives to artificial sweeteners, such as the industrial aspartame and saccharin (Moraes, Donega, Cantrell, Mello, & McChesney, 2013; Lemus-Mondaca, Vega-Galvez, Zura-Bravo, & Ah-Hen, 2012; Geuns, 2003) . Furthermore, the industrial use of Stevia goes beyond the presence of sweeteners because glycosides, such as rubusoside, which is also partially responsible for the sweet taste, have remarkable solubilizing properties that can be used by the pharmaceutical industry (Liu et al., 2011) . The leaf composition indicates financial possibilities in the food and pet industries, reflecting the richness of these plants in dietary iron, calcium, and potassium, in addition to low levels of fat. The agro-industry of Acta Scientiarum. Agronomy Maringá, v. 39, n. 3, p. 379-384, July-Sept., 2017
Stevia rebaudiana also offers opportunities in the cosmetic industry because of the large number of essential oils. Recently, significant quantities of inulin were detected in the stems and roots of Stevia plants.
Inulin is a reserve oligosaccharide with pre-biotic effects in humans, and currently, this compound is under high demand by the food industry (Oliveira et al., 2011) . These recent chemical approaches prompt a new economic discussion for cultivating Stevia rebaudiana because the high crop yield of the stem byproducts (Moraes et al., 2013) can be a complementary and safe source of net income for Stevia growers. Although Stevia rebaudiana acreage has been expanding worldwide to supply the needs of various agro-industrial programs (Carneiro, 1990; Brandle et al., 1998; Ramesh, Singh, & Megeji, 2006) , high and cost-effective crop yields depend on the field establishment of vigorous bedding plants. Furthermore, these bedding plants require seed production with high physiological quality evaluated by the percentage of seed germination over a period of ten days, seed vigor tests, or both.
The high-quality production of uniform bedding plants depends on high and uniform percentage of seed germination, and high seedling resistance to stressful weather conditions (Carneiro, Muniz, & Guedes, 1997; Heydecker, Higgins, & Turner, 1975) . Seed imbibition using priming technology is one organic strategy in which the hydric conditions initiate the mechanisms essential to seed germination, but it does not induce the protrusion of radicles. Hydric stress, otherwise, reduces both the percentage and rate of germination events (Bewley & Black, 1985) . Polyethylene glycol (PEG-6000) has been used in the osmotic priming technology (Carneiro & Guedes, 1992b) because it is chemically inert and does not has toxic effects on the seedlings. Michel and Kauffmann (1973) initially proposed the use of osmotic potential to evaluate germination responses under hydric stress. Currently, this method is broadly applied to the commercial seeds of numerous species.
The objective of this study was to evaluate the influence of osmotic priming on seed germination of Stevia rebaudiana. Specifically, the objectives were to select the better seeds for further experimental evaluation, assess the seed germination under hydric stress conditions, and evaluate the concentration and optimal period for osmotic priming treatments. 20-L black plastic pots. The seed samples were visually hand cleaned and graded as light and heavy based on the seed length and discriminated using a stereomicroscope (model SMZ-140 N2GG, Motic, from Asia). We eliminated from the samples the presence of immature, empty, or both achene fruit-like seeds. Subsequently, the hairy pappus was removed using hand friction on the surface of germination test papers. This method improves the contact of the seed with the germination medium (Carneiro & Guedes, 1992a; Carneiro, 1996) . The samples were stored at 5± 1ºC and 20% relative humidity before every experiment. Thereafter, the seeds were germinated at 25°C using germi-test paper (Cel 065, JProlab, Brazil) in germination boxes (11 x 11 x 5 cm, JProlab, Brazil).
Material and methods
First experiment: The germination responses from two seed lots harvested in 2011 and 2012 were evaluated to discriminate the samples with better percentages of seed germination. The experimental design was completely randomized with six replications, and every germination box was an experimental unit. Three germination test papers (Cel 065, JProlab, Brazil) were wetted two and half times their weight in grams with distilled, deionized water (ISTA, 2014; Brasil, 2009 ). The germination temperature was 25±1ºC under daylight lamps for seven days, and subsequently we counted data from normal and abnormal seedlings, and ungerminated seeds (Carneiro & Guedes, 1992a) .
Second experiment: The conditions of the first experiment were improved using eight replications and modified through the application of distilled, deionized water as the control (T 1 ). In contrast we prepared five concentrations of polyethylene glycol (PEG-6000, Labsynth, Brazil) according to Villela, Doni Filho, and Siqueira (1991) of PEG-6000. These concentrations were estimated by the following equation of Michel and Kaufmann (1973) The seeds evaluated in this experiment had the best germination responses in the first evaluation when the percentage of normal seedlings was 71.4%. The frequencies of seed germination were verified at eight-hour intervals when every seedling had roots measuring 2 mm in length. The test was finished after 384 hrs when no further germination events were observed. The abnormal seedlings were detected by the presence of one black spot in the differentiating region of the root system, and cotyledons indicating the presence of phytophagous insects. Furthermore, no germination events were observed at -0.8 and -1.0 MPa, and both concentrations were used in the third experiment in which we applied the osmotic-priming treatment.
Third experiment: The seeds were imbibed in a solution of polyethylene glycol 6000 at 20°C for four, five, six, and seven days in contrast with the control treated with distilled, deionized water. The germination paper was wetted with 20 mL of the PEG-6000 solution using a hypodermic syringe, and the germination box was sealed using polypropylene tape. After the priming period, we washed all the seeds with tap water for 1 min., followed by germination at 25°C for 196 hrs. The following response variables were recorded: time to the first normal seedling (Ti), time to the last normal seedling (Tf), percentage of normal seedlings (Pi) at the initial time (Ti), and percentage of total normal seedlings (Pf).
Data analyses
The germination data from these three experiments were reported by exploratory data analysis using box-and-whiskers plots according to Banzatto and Kronka (2008) . Box-and-whiskers plots are based on sample statistics. This method uses communicative figures to show sample data when the variability is more prominent than the means (Krzywinski & Altman, 2014) as typically observed for Stevia rebaudiana seeds. The graphic ranges from the first (Q1) to the third quartile (Q3) of the distribution and represents the inter-quartile range (IQR). The line across the box indicates the median, and the whiskers are lines extending from Q1 and Q3 to their end points, typically defined as the most extreme data within Q1 -1.5 × IQR and Q3 + 1.5 × IQR, respectively (Streit & Gehlenborg, 2014) . Each outlier is represented as an individual mark. Alternatively, the minimum and maximum values from every data set are used as the end points for the whiskers. One benefit of the box-and-whiskers plots is the requirement of only five units for analysis, and these data are readily comparable across three or more samples. For n < 5, however, the best decision is to show the individual data points (Krzywinski & Altman, 2014) . The control of variability during the germination and bedding plant development of Stevia rebaudiana produces uniform plants under crop field conditions.
Results and discussion
On average, the highest percentage (71.4%) of germination was obtained from seeds harvested in 2012 in contrast to the normal seedlings (67.0%) from seeds harvested in 2011, and both samples were stored at 5°C under 20% relative humidity. Stevia seeds are sensitive to storage conditions likely reflecting the quantitative oil contents evaluated by reddish embryos after immersion in Sudan IV for 20 minutes (Carneiro, 1990) .
The average percentage of normal seedlings (71.4%) reflected the number of non-germinated seeds at 25°C, instead the level of the abnormal seedlings in the sample, despite their presence in the test. The elimination of the hairy pappus has also been motive of seedlings abnormalities. The variability was higher than in the seed sample harvested in 2011, when the reduced percentage of normal seedlings (67.0%) reflected the presence of abnormal seedlings. Based on the variability indicated by the inter-quartile ranges (IQR), both samples maintained the development stage V 1.7 (Carneiro, 2007) . The selection of newly harvested seeds for use in the following experiments was based on a whisker fence value higher than 80.0% and asymmetry on the right (Figure 1a) , suggesting room for DNA repair, if any, and a higher percentage of normal seedlings after the osmotic priming. This variability is typical in germination tests when the seed quality is not uniform. This non-uniformity requires further investigation to understand how to reduce variations in bedding plant production under nursery conditions.
In the second experiment, the time to first germination (T i ) was recorded at 64 hrs for seeds under control conditions (1). Along these levels of water stress, the seeds delayed a time to the first event of more than 150 hrs when evaluated under -0.6 MPa, except for two outliers. This finding might reflect the diversity in the investigated seed population in this study (Figure 2a) . We did not find any radicle protrusion under osmotic stress conditions of -0.8 and -1.0 MPa (Figure 2b and c) . The percentage of normal seedlings from the control was higher than the initial seed germination of 71.4%, suggesting significant physiological events the seed sample. Again the superior fence of the whisker was higher than 80% of Acta Scientiarum. Agronomy Maringá, v. 39, n. 3, p. 379-384, July-Sept., 2017
normal seedlings. The graphical responses in Figure 2 indicate asymmetry in the data distribution from the treatment with -0.6 MPa, where the highest variability in time to germination was observed. In the control, the highest variability was observed in the time to first germination and initial percentage of normal seedlings (Figure 2a and c) . These responses require more investigation concerning the best methodology for applying priming methods in Stevia seeds. In summary, concentrations of -0.8 and -1.0 MPa were the most favorable to study the osmotic priming of Stevia rebaudiana seeds In the third treatment, all the primed seeds experienced the first protrusion within 12 hrs after the beginning of the germination test (first records, data not shown), despite the number of days of priming. The average end of every treatment was different for six and seven days (Figure 3a) , but the variability of these treatments was higher than expected, despite the similarity of the median and mean. The whiskers were larger on the right than in seeds primed for four and five days. Similar responses were reported for temperate carrot seeds treated with PEG-6000 at -1.0 MPa, when cumulative germination data were fit to the parameters of the Weibull distribution (Carneiro & Guedes, 1992b) . The lower fence of the box-and-whiskers plots for seeds immersed in the PEG-6000 for six days was approximately 40 hrs, and the treatment for seven days delayed the last germination event to more than 160 hrs. This response contrasts with the six days of treatment, when the last observation was approximately 140 hrs ( Figure 3a) . In the first records, the percentage of normal seedlings reached values close to 80.0% (Figure 3b ), but high variability was detected by the parameters of the box-and-whiskers plots, where five days had data skewed to the left. One explanation for skewness is the time required for all seeds to germinate.
Osmotic priming with PEG-6000 at -1.0 MPa for seven days showed a final percentage higher than 75%, and a small IQR range for 50% of normal seedlings. These higher responses suggest DNA repair by this osmotic treatment but with data still skewed to the left. Another explanation for these results is the non-uniform dimension of these seeds, particularly the seed length. Thus, the next step in seed technology research is to improve the seed grade using classification equipment based on the length or density of seeds. Osmotic treatment at -1.0 MPa increased the germination stage from V 1.7 (Figure 1a) to V 1.8 (Figure 3f ), as verified using other priming treatments. However, the IQR was reduced compared with the control and treatment at -0.8 MPa. These results were similar to those of Carneiro and Guedes (1992b) , when they improved the responses of primed carrot seeds at -1.0 MPa using PEG-6000. In summary, two foremost responses were observed: the reduction of IQR and the length of the whiskers, despite the stretching of the first quartile (Figures 1a and 3f ). These responses also suggest the presence of cohorts during the germination period and these effects suggest further investigations. 
Conclusion
Osmotic priming increased the final percentage of normal Stevia rebaudiana seedlings and reduced the time to the first and last germination events.
